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8.5-1.3 and  5.5-1.7, respect ively .  The  decrease by  t rea t -  
m e n t  was s ta t i s t ica l ly  s ignif icant  a t  the  0.05 confidence 
level.  

Discussion. The  inhib i t ion  of ADP- induced  p la te le t  
aggregat ion  by  add i t ion  of Aspergillus enzyme  to  P R P  
in v i t ro  was repor ted  by  BYGDEMAN s and  DE NmOLA 
et  a l A  The  la t t e r  inves t iga tors  also, observed this  act ion 
of the  enzyme  in v i v o  by  i.v. infusion 9. 

Our  resul ts  show t h a t  p ro teo ly t ic  enzyme  counter-  
ac ted  the  aggregat ion  of unwashed as well  as washed 
platelets ,  induced by  A D P  or  th rombin .  

H y p e r a c i d  ACD ~ used as an  ant icoagulant ,  exclusion 
of red cells b y  respinning and washing of p la te le ts  
wi th  5.4 m M  sodium c i t ra te  x0, p romoted  the  prepara-  
t ion of washed p la te le ts  w i thou t  spontaneous  aggregat ion 
ma in ta in ing  the i r  p roper  aggregabi l i ty .  

A l though  the  depr iva t ion  of p la te le t  sens i t iv i ty  to  
A D P  by  washing had  been repor ted  xx, res tora t ion  of ag- 
gregabi l i ty  by  inclusion of  calc ium,  magnes ium,  glucose 
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protease on thrombin-induced aggregation of Fig. 3. Effect of 
washed platelets. 

and a lbumin  in the  suspending fluid was described by  
ARDLIE et  al. x2. But ,  because of unsu i tab i l i ty  of p rov id ing  
ex t raneous  pro te in  as a componen t  of  p la te le t  susperuting 
solut ion in t he  present  s tudy,  t h r o m b i n  was chosen as an  
aggregat ing  agen t  instead of ADP.  The  enzymat ica l ly  
t rea ted  p la te le ts  were rewashed pr ior  to mix ing  wi th  
th rombin  to  avoid  fur ther  enzymat ic  act ion of th rombin .  

The  effect iveness  of protease  on washed pla te le ts  
would a t  least  pa r t i a l ly  suggest  t h a t  the  inh ib i to ry  effect  
of p ro teo ly t i c  enzymes  on p la te le t  aggregat ion  could 
be an  effect  of enzymes  on p la te le t  membrane .  

Zusammen/assung. Behandlung  ungewaschener  und ge- 
waschener  T h r o m b o z y t e n  m i t  pro teoly t i schen E n z y m e n  
(Protease, Bromela in  und Ficin) bewi rk t  eine Abnahme  
der Aggregationsf/~higkeit  von T h r o m b o z y t e n  mi t  A D P "  
oder  Thrombin .  
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Inf luences  of N y s t a g m i c  and S p o n t a n e o u s  O c u l o m o t o r  Act iv i ty  on  Super ior  Col l iculus  N e u r o n s  in 
Curarized Cat 

The  influence of eye  m o v e m e n t  on neurons in p r imary  
v isual  s t ruc tures  of ca t  has  recent ly  been s tud ied  by  seve- 
ral  authors.  Modif icat ions of neurona l  a c t i v i t y  re la ted  to  
eye m o v e m e n t s  h a v e  been described a t  the  level  of la tera l  
geniculate  body  z and r ec tum op t i cum 2. The  a im of the  
present  s tudy  was to  inves t iga te  the  inf luence of nys tag-  
mic and spontaneous  ocu lomotor  ac t i v i t y  on superior  
colliculus (SC) neurons  in absence of ac tua l  eye movements ,  
thus  avo id ing  possible re t ina l  image shif t  or  p ropr iocep t ive  
input .  

Material and methods. Cats were p repared  under  e ther  
anesthesia.  A h igh  cervical  t ranssect ion  was per formed 
( 'enc6phale isol6') ; exp i ra to ry  COz and body  t e m p e r a t u r e  
were moni tored .  Af te r  recover ing f rom the  surgical  pro-  
cedure, an imals  usual ly  exhib i ted  a sa t i s fac tory  a m o u n t  
of spontaneous  and pursu i t  eye movemen t .  N y s t a g m u s  
was induced by  polar iza t ion  of labyr in ths .  Hor i zon ta l  eye  
m o v e m e n t s  were recorded by  e lect rooculography.  A con- 
centr ic  b ipolar  macroe lec t rode  was then  in t roduced  ste- 
reo tac t ica l ly  in or  in t he  close ne ighborhood of nucleus 
abducens.  Correla t ion be tween  eye m o v e m e n t  and syn- 
chronous ocu lomotor  discharges was establ ished for each 
animal .  Glass microelect rodes  were in t roduced  th rough  the  
cor tex  into  the  SC and the  an imal  curar ized w i t h  Flax6dil .  
Visual  s t imul i  consis ted in swi tching on and  off a diffuse 
l ight,  or  h a n d - m o v i n g  b r igh t  or  da rk  objects.  In  absence 
of these  s t imuli ,  t he  an imal  was  facing a s t ructureless  
background  (photopic conditions).  Bo th  eyes were left  
open. Microelectrode tip, a t  the  end of a penet ra t ion ,  was 

localized by  electrophoresis  of p o n t a m i n e  a. The  brain was 
perfused wi th  formalin,  frozen and  cu t  serially. Blue spots  
were used to  recons t ruc t  t he  e lec t rode  t rack  and the  loca- 
t ion of the  uni ts  wi th in  the  coll icular layers. 

Results and discussion. The  influence of nys tagmic  ocu- 
lomotor  ac t iv i ty  on spontaneous  firing pa t t e rn  of 82 colli- 
cular  neurons was studied. Their  visual  character is t ics  were 
de te rmined  by  methods  described above :  46 uni ts  (56%) 
were thus  found to  be unresponsive to  visual  s t imula t ion .  

The  effects of nys tagmic  ocu lomotor  a c t i v i t y  m a y  be  
roughly  d iv ided  in to  2 categories.  Spon taneous  a c t i v i t y  
of 9 col l icular  neurons (ll~/o, group I) was phasical ly  mo- 
dified in synchrony  wi th  nys tagmic  ocu lomoto r  discharges 
recorded a t  the  level of nucleus abducens  (Figure,  I). 2 cells 
were inhibi ted,  the  o thers  were ac t iva ted .  3 uni ts  were 
found to  be v isual ly  dr iven.  A second set  of 7 neurons 
(9%;  group II)  showed ' ton ic '  modi f ica t ions  of a c t i v i t y  
dur ing sequences of n y s t a g m i c  ocu lomoto r  discharges.  
These effects  a re  r a the r  complex  and, mos t  f requent ly ,  
consist  of an  increase of spike f requency  (Figure,  II) .  2 of 
these uni ts  were sensi t ive to m o v e m e n t  of a visual  s t imu-  
lus, o thers  could no t  be d r iven  by  visual  s t imula t ion .  
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IUustration of the 3 groups of collicular neu- 
rons (see text). Group I. a) Nueteus abdueens 
macropotentials, b) neuronal activity (spikes 
equalized by a Sehmitt trigger), A) neuronal 
discharges synchronous with spontaneous 
oeulomotor activity COMA), B) same neuron 
showing phasic discharges time-locked with 
nystagmie OMA at the end of eathodal pola- 
rization of left labyrinth (off). Note activation 
during polarization. 
Group II. a) and b) as in I, A) spontaneous 
oeulomotor activity, no neuronal discharge, 
B) same cell showing tonic discharges during 
bursts of nystagmic OMA elicited by right 
eathodal polarization. 
Group III. A) No spontaneous OMA, no neu- 
ronal discharge, B) neuronal discharges cor- 
related with spontaneous OMA. 

W h e n e v e r  a n i m a l s  p r e s e n t e d  a s a t i s f ac t o r y  s p o n t a n e o u s  
o c u l o m o t o r  ac t iv i ty ,  i t s  in f luence  was  ana lyzed .  14 neu-  
rons  (group I I I )  showed  mod i f i ca t i ons  of a c t i v i t y  t ime-  
locked  w i t h  such  s p o n t a n e o u s  d ischarges .  These  phas i c  
changes  of f i r ing  p a t t e r n  cons i t ed  of a n  e x c i t a t i o n ;  1 u n i t  
h o w e v e r  was  s y n c h r o n o u s l y  i n h i b i t e d  (Figure,  I I I ) .  5 u n i t s  
in  t h i s  g roup  r e s p o n d e d  to  s t a t i o n a r y  (on-off) or, in  m o s t  
cases, m o v i n g  v i sua l  s t i m u l i ;  t h e  o t h e r  cells cou ld  n o t  b e  
d r i v e n  b y  v i sua l  s t imul i .  4 of t he se  n o n v i s u a l  u n i t s  were  
loca ted  in  s t r a t u m  pe r iven t r i cu l a re .  Severa l  n e u r o n s  of 
t h i s  g roup  also p r e s e n t e d  phas i c  mod i f i ca t ions  d u r i n g  
n y s t a g m i c  o c u l o m o t o r  d i scharges  a n d  are  also i nc luded  in 
t h e  f i r s t  g roup  (Table) .  

P h a s e  r e l a t i onsh ip  b e t w e e n  o c u l o m o t o r  d i scharges  a n d  
phas ic  effects  was  measu red .  T h e  b u r s t  of sp ikes  or  t h e  
i n h i b i t i o n  t akes  p lace  a t  a t i m e  i n t e r v a l  r a n g i n g  f rom a few 
ms  before  t h e  in i t i a l  p e a k  of t h e  a b d u c e n s  w a v e  u p  to  
300 m s  a f t e r  t h i s  peak .  P h a s e  r e l a t i o n s h i p  is in  some cases 
qu i t e  c o n s t a n t ;  in  o t h e r  cases,  spec ia l ly  d u r i n g  n y s t a g m i c  
ac t i v i t y ,  i t  m a y  v a r y  s l i gh t ly  f rom one  w a v e  to  t h e  o the r .  
T h e  m a c r o p o t e n t i a l s ,  a t  t h e  level  of nuc l eus  abducens ,  
were t h e m s e l v e s  r ecorded  10 to  50 ms  before  t h e  onse t  of 
t h e  s p o n t a n e o u s  or  n y s t a g m i c  saccade.  All  t h e  effects  re- 
l a t ed  to  ocu lomoto r  ac t iv i ty ,  spec ia l ly  d u r i n g  n y s t a g m u s ,  
show a r e m a r k a b l e  ' l a b i l i t y '  in  t ime.  F o r  t he  s ame  cell, 
t h e y  m a y  f l u c t u a t e  f rom one  o c u l o m o t o r  wave  to  t h e  o t h e r  
a n d  even  d i s a p p e a r  f r o m  a n y s t a g m i c  sequence  to  t h e  
o ther .  I t  is to  be  n o t e d  t h a t ,  in  our  e x p e r i m e n t s ,  a n i m a l s  
are  ful ly  a w a k e  d u r i n g  n y s t a g m i c  tests .  F o r  some  neurons ,  
ef fects  d e p e n d  o n  t h e  s ide of t h e  po la r i zed  l a b y r i n t h .  
F ina l ly ,  al l  t h e  a n a l y z e d  n e u r o n s  a re  loca ted  in  t h e  va r i -  
ous  l ayers  of t h e  SC a n d  t h e  u n d e r l y i n g  p e r i a q u e d u c t a l  
gray .  No  cor re la t ion  was  f o u n d  b e t w e e n  t y p e  of ef fec t  a n d  
loca l iza t ion  of neurons .  

These  o b s e r v a t i o n s  show t h a t  v i sua l  as well  as n o n  v i sua l  
cells in  t h e  SC receive  i n f o r m a t i o n  a b o u t  o c u l o m o t o r  ou t -  
pu t ,  t h o u g h  no  eye m o v e m e n t  a c t u a l l y  occurs.  Curar iza-  

t i on  m a k e s  i t  poss ible  to  e l i m i n a t e  e x t r a o c u l a r  p ropr io-  
cep t ive  af ferences  w h i c h  are  k n o w n  to  r e a c h  deeper  l ayers  
of SC 4. Moreover ,  a n y  v i sua l  s t i m u l a t i o n  due  to  image  
sh i f t  on  t h e  r e t i n a  is avo ided .  R e c o r d i n g  of nuc leus  ab-  
ducens  d ischarges ,  t h o u g h  r e l a t i ve ly  less a ccu ra t e  t h a n  
e l ec t roocu lography ,  a l lows us  to  keep  a re l iab le  cue  of 
o c u l o m o t o r  orders .  D i rec t ion  of n y s t a g m u s  m a y  e v e n  b e  
specif ied b y  o b s e r v a t i o n  of t h e  s h a p e  of t he se  waves .  A n  
i n t e r e s t i n g  o b s e r v a t i o n  is t h a t  some  n e u r o n s  a re  i den t i -  
ca l ly  in f luenced  b y  s p o n t a n e o u s  as  well  as  b y  n y s t a g m i c  
o c u l o m o t o r  ac t i v i t y .  Accord ing  to  s tud ies  of LORENTE DE 
NO 5 a n d  SZENTAGOTHAI s on  t h e  ves t i bu lo -ocu la r  ref lex  
arc,  t h e  on ly  k n o w n  s i te  c o m m o n  to  s p o n t a n e o u s  a n d  
n y s t a g m i c  o c u l o m o t o r  p a t h w a y s  lies a t  t h e  level  of b r a i n -  
s t e m  o c u l o m o t o r  nuclei .  Th i s  a r g u m e n t  was  a l r e ady  de-  
ve loped  b y  ZUBER a n d  STARK 7 for  t h e  saccadic  suppres s ion  
p h e n o m e n o n ,  w h i c h  is r e l a t ed  to  o t h e r  o b s e r v e d  v i s u a l  
o c u l o m o t o r  i n t e r ac t ions ,  t h e m s e l v e s  e m b o d i e d  in t h e  con-  
cep t  of ' co ro l l a ry  d i s cha rge '  s. T h e  in f luence  of o c u l o m o t o r  
a c t i v i t y  ev idenced  in  t h i s  s t u d y  o n  v i sua l  b u t  also o n  n o n -  
v i sua l  n e u r o n s  s p r e a d  o v e r  al l  co l l icular  s t r a t a  m i g h t  p ro-  
v ide  o t h e r  e x p e r i m e n t a l  d a t a  in  f a v o u r  of t h e  ' e f fe rence  
copy '  p o s t u l a t e d  in yon  HOLST a n d  MITTELSTAEDT* 
'Rea f f e r enzp r inz ip ' .  

Rdsumd. L ' in f l uence  de l ' a c t i v i t 6  ocu lomot r i ce  sur  les 
neu rones  col l iculaires  du  c h a t  , e n c 6 p h a l e  isol6~> curar i s6  
p e u t  se d iv i se r  en  3 cat6gor ies  : 1. d6charges  ou i n h i b i t i o n s  
s y n c h r o n e s  ~ l ' a c t i v i t 6  ocu lomot r i ce  s p o n t a n 6 e  ou 2. nys-  
t a g m i q u e ;  3. mod i f i ca t i ons  t o n i q u e s  de  l ' a c t i v i t 6  spon-  
t a n 6 e  d u r a n t  des  p6r iodes  de  n y s t a g m u s .  
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Classification of SC neurons influenced by oculomotor activity 

Group I 

Group II 

Group III  

Phasically influenced units - visual (A) 3 
during nystagmus - non-visual (B) 6 
Tonically influenced units - visual (C) 2 
during nystagmus - non-visual (D) 5 
Units influenced by - visual (E) 5 
spontaneous oculomotor activity - non-visual (F) 9 
A C I E =  2 
B N F = I  

Figures correspond to number of units. Note overlap between group I 
and III. 
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